A reconnaissance of the Susquehanna Eiver at Harrisburg in 1944 indicated a wide variation in chemical quality across the width of the river. Because a single sample would not be representative of the water quality of the river, the U.S. Geological Survey, the Pennsylvania Department of Forests and Waters, and the PennFylvania Department of Commerce cooperated to investigate the variations in
Bl

B2
CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES chemical quality of the river from bank to bank. Samples generally were taken at six stations in the cross section on the T;Valnut Street bridge in Harrisburg.
PURPOSE AND SCOPE
This report describes the variations in chemical quality of the Susquehanna Kiver at Harrisburg, discusses the causative factors involved, and shows how they influence the chemical character of the river. The Harrisburg location was selected for study because of its marked cross-section variation in chemical quality and because of the considerable interest in the chemical quality of the river water, shown by representatives in the fields of water management and public water supplies.
This report summarizes the data collected during the period 1944-60 at the Harrisburg location. Variations in the chemical quality across the river are described in terms of these data. A qualitative interpretation of the chemical analyses collected at several locations on the Susquehanna River main stem and its tributaries shows the effects of physiographic, hydrologic, and cultural environment on the chemical character of the river at Harrisburg.
LOCATION
The Susquehanna River originates in Otsego Lake in southeastern New York State, enters Pennsylvania near Lanesboro, Susquehanna County, reenters New York State near Great Bend, Pa., and then reenters Pensylvania near Sayre, Bradford County. From the Pennsylvania-New York State line, the river flows southward through central Pennsylvania to the Chesapeake Bay. The drainage basin of the entire river is 27,655 square miles, three-fourths of it within Pennsylvania.
The cross-section sampling stations are on the Walnut Street bridge connecting the capital city of Harrisburg, Dauphin County, and the borough of Lemoyne, Cumberland County ( fig. 1 ). Harrisburg is 69 miles from the mouth of the river and 353 miles from its headwaters. At the sampling station, City Island divides the river into east and west channels. At median flow the gross widths of the east and the west channels are 1,288 and 1,330 feet, respectively
The Susquehanna River at the sampling station has a drainage area of 24,100 square miles. The median flow for the period 1891-1959 was about 20,000 cfs (cubic feet per second). A cross-section diagram of the east and west channels at the Walnut Street bridge shows the relative depth of the river at median flow ( fig. 2 ). The. depths at the cross-section sampling stations are shallow, ranging at median flow from 3.9 feet at station W. 1320 to 9.3 feet at station E. 600. 
AVAILABLE DATA
From October 1944 to September 1946, the Susquehanna River was sampled from 1 to 3 times a month at each of 11 sampling sites on the Walnut Street bridge at Harrisburg. In October 1946, the number of sampling sites was reduced to six, three ir each channel. In the east channel, samples were usually collected at 95,575, and 1,155 feet from the east or Harrisburg bank, and in the w^st channel at 563,1,063, and 1,283 feet from the west bank of City Island.
Chemical analyses of each sample consisted of the determination of color, pH, specific conductance, bicarbonate, sulfate, chloride, nitrate, and hardness. The results of these chemical analyses from 1944 to 1951 were reported by W. F. White (1947 and 1951) and N. H. Beamer (1953) . These publications of the Pennsylvania Department of Commerce contain graphs and brief comments on the Harrisburg stations.
From October 1944 to September 1946, daily water samples were collected at the east channel station E. 1180. The water of this station B5 location was representative of the quality of raw water used by the former city waterworks on City Island. Temperature, pH, and specific conductance were measured on each sample. The daily samples for each month were composited into three 10-day samples, and a comprehensive analysis was made of each. The comprehensive analysis included the determination of color, pH, specific conductance, silica, iron, calcium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride, fluoride, nitrate, dissolved solids, and hardness.
Results of the chemical-quality studies at the daily sampling station E. 1180 are summarized in a report entitled, "The Chemical Quality of Surface Water in Pennsylvania" (Durfor and Anderson, 1963) . The tabulated summary of chemical analyses at this station is given in table 1. The table was prepared by the following methods: (1) frequency distributions of daily temperature, pH, and specific conductance values were determined; (2) relations were establirhed between the specific conductance and the concentration of individual dissolved constituents of composite samples; and (3) on the basis of these empirical relations between specific conductance and ion concentration and the frequency distribution of specific conductance, the frequency distribution of several chemical constituents was estimated. 
CHEMICAL CHARACTERISTICS
The principal dissolved constituents in the Susquehanna River water at Harrisburg are calcium, magnesium, sodium, silica, bicarbonate, sulfate, chloride, and nitrate. Smaller quantities of other constituents, such as potassium, iron, manganese, and fiuoride are also present. The river water generally contains less than 200 ppm (parts per million) of dissolved solids at station E. 1180 and W. 1320 and less than 325 ppm at station E. 120. The dissolved-solids content was estimated from the specific conductance. For water from the Susquehanna River at Harrisburg, the dissolved-solids content is approximately 0.62 ±0.02 of the specific conductance.
To demonstrate the variations in chemical quality from bank to bank, a tabulation of the maximum, average, and minimum observed values for specific conductance, pH, and chemical analyses, based on once-a-month sampling at the cross-section stations (October 1956 to September 1960 , is presented in table 2. This period is chosen for tabulation because of the availability of consecutive monthly data.
The average sulfate and bicarbonate-ion concentrations compiled in table 2 are plotted in figure 3 to demonstrate the variations in concentration of these ions across the river. The bicarbonate ion decreases in concentration from 113 to 19 ppm in a west to east direction, and the sulfate ion increases in concentration from 24 to 131 ppm. The maximum hydrogen-ion concentration (pH) decreases from 8.5 to 7.5 (table 2). The hardness of water is low near th?. center of the river and increases toward the banks (table 2). The hardness near the east bank results from the presence of calcium sulfate. Near the west bank the hardness is the result of the presence of calcium bicarbonate. A comparison of bicarbonate, and sulfate-ion concentrations plotted in figure 3 for the 4-year periods 1956-60 and 1945-19 indicates that the river water has changed little during the period of data collection. The mean discharge for the period 1956-60 (34,910 cfs) is slightly less than the mean discharge for the period 1945-19 (35,320 cfs). This slight difference in discharge accounts for the slightly lower bicarbonate and sulfate concentrations during the 1945-49 period.
The variations in specific conductance and, therefore-the dissolvedsolids content from bank to bank are shown in figure 4. For both the high and the low discharge rates, the specific conductance is higher near the banks than in the center. The higher conductance values are near the east or Harrisburg bank for both discharge rates. A com- 
ENVIRONMENT AND CHEMICAL QUALITY
The chemical character of the Susquehanna River at Harrisburg is influenced by three major factors: streamflow, anthracite and bituminous coal-mine drainage, and geology. Most of the tributaries draining into the west side of the river contain high concentrations of calcium and bicarbonate ions, in relation to other constituents. Many of the tributaries on the east side contain high concentrations of calcium and sulfate ions. The incomplete mixing of the calcium bicarbonate and calcium sulfate waters produces the cross-section variations at Harrisburg.
A map of the central Susquehanna River basin showing many of the tributaries and sampling points is presented in figure 5 .
STREAMFLOW
Streamflow is composed of water that reaches the stream by direct overland flow and by ground-water inflow. After periods of moderate to heavy precipitation, the major part of the water flowing in a stream is the result of direct overland flow. Base flow is composed largely of ground-water inflow. During periods of base flow, the dissolved-solids content of the Susquehanna River is at a maximum, as the chemical quality of the river represents the effect of groundwater inflow and coal-mine drainage. As streamflow increases, the dissolved-solids content is lowered by dilution from direct runoff. The decrease in dissolved-solids content with increase in flow can be shown using the specific conductance of station E. 1180 as a measurement of the dissolved-solids content. During the period 1956-60, the maximum specific conductance, based on a once-a-month sampling, was 391 micromhos on September 16, 1957, and the discharge on this date was 3,580 cfs. On February 15, 1960, the specific conductance was 96 micromhos, and the discharge was 91,000 cfs.
COAL-MINE DRAINAGE
Several tributaries to the Susquehanna River, upstream from Harrisburg, receive coal-mine drainage. The headwaters of the West Branch Susquehanna and Juniata Rivers receive coal-mine drainage from the bituminous coal fields in western Pennsylvania. The Nescopeck, Catawissa, Shamokin, Mahanoy, and Manha ntango Creeks and Lackawaiina River receive coal-mine drainage from the anthracite coal fields in the northeastern part of the Common wealth. The chemical quality of streams receiving water drained from coal mines are strongly influenced by the composition and concentration of the coal-mine drainage. As shown by analyses of mine effluents from the anthracite coal fields in table 3, coal-mine effluents are low in pH (below 5.0) and high in iron (above 1.0 ppm), marganese, aluminum, sulfate, and free sulfuric acid content. Accordingly, the dissolved-solids contents of the tributaries draining the anthracite coal regions range between 100 and 3,000 ppm, depending on the .amount and concentration of coal-mine effluents that are pumped or seep into the streams in relation to their total flow. Specific conductance (micromhos at 25° C) ______ pH__________-_-_____-_-_ Color___--_ _ _ _____ -Chemical analyses (parts per million): Chemical analyses of water from the principal tributaries to the Susquehanna River above the Harrisburg station are f^ven in table 4. The tributaries were usually sampled near their confluence with the Susquehanna River. The sampling locations are plotter! on the map of the Susquehanna River basin (fig. 5) . The bicarbonate-ion concentrations of the eastern tributaries range from 0 to 28 pp'u, and the sulfate-ion concentrations range from 10 to 925 ppm. The concentrations of bicarbonate ion in the western tributaries range from 12 to 160 ppm and of sulfate ion from 8.6 to 65 ppm.
Bar diagrams of sulfate and bicarbonate-ion concentrations ( fig. 6 ) show that, with the exception of Wapwallopen Creek, the sufate-ion concentration exceeds the bicarbonate-ion concentartion for each of the eastern tributaries. The sulfate-ion concentration exceeds the bicarbonate-ion concentration in only one of the western tributaries, the West Branch Susquehanna River. Coal-mine drainage caused this high sulf ate-low bicarbonate relation in these streams. Chemical analyses of water samples from cross-section locations on the Susquehanna River above and below Harrisburg are tabulated in table 5. These samples were collected during a low discharge (14,800 cf s at Harrisburg) so that the variation in chemical character of the cross section would be maximized.
The chemical analyses of water samples from cross-section locations on the Susquehanna River at Danville and near Duncannon (table 5) show the effect of mine drainage from the Lackawanna River and the Nescopeck, Catawissa, Shamokin, Mahanoy, Mahantango Creeks. The sulf ate-ion concentration increases in a west to east direction. This increase is further evidence of the pattern of higher sulfate-ion concentrations and lower pH's on the east side of the cross sections as a result of the coal-mine drainage from the anthracite coal fields into the eastern tributaries ( fig. 6 ) of the Susquehanna River. The pattern is retained in the east channel stations of the Harrisburg cross sections (fig. 3) . The effect of coal-mine drainage (high sulfate concentrations and low pH) from the bituminous coal fields in western Pennsylvania on the chemical quality of the Susquehanna River at Harrisburg is not so pronounced as is the effect of the anthracite fields on eastern tributaries. Neutralization and dilution of streams draining the bituminous coal fields by tributaries draining limestone and dolomite regions in south-central Pennsylvania retard the effect of acid mine drainage.
The effect of coal-mine drainage on the chemical quality of water is more pronounced on the West Branch Susquehanna Biver than on the Juniata River (table 4) . At the Lewisburg sampling station ( fig. 5 ) on the West Branch Susquehanna River, the concentration of the sulfate ion generally exceeds the bicarbonate ion, but at the Newport sampling station on the Juniata River the bicarbonate ion exceeds the sulfate ion (table 4). Durfor and Anderson (1963) reported that for the period 1944-52 the average sulfate-ion concentration at the Lewisburg station was 50 ppm, although the average bicarbonate-ion concentration was 10 ppm. For tbe same period, the average sulfate-ion concentration at the, Newport station was 41 ppm, though the average bicarbonate-ion concentration was 72 ppm.
GEOLOGIC INFLUENCES
Both the eastern and the western tributaries of the Susquehanna Kiver in the vicinity of Harrisburg are underlain by limestone and dolomite formations and by glacial-drift deposits. Each geologic environment influences the chemical character of the stream. The limestone and dolomite influence the chemical quality because of their position in valley bottoms and their soluble nature. The glacialdrift deposits blanket the uplands in northeastern Pennsylvania. Many of the streams draining the glaciated part flow over buried valleys filled with glacial-outwash deposits. Tlr^e deposits are permeable and are hydraulically connected to underlying formations.
With few exceptions, calcium-bicarbonate type of water predominates in the tributaries draining into the west side of the Susquehanna River. These tributaries drain regions urderlain by limestone and dolomite formations or by glacial-drift deposits. Hence, streams draining these regions are generally alkaline (pH 6.0-8.5) and high in calcium, magnesium, and bicarbonate-ion concentration, in relation to other constituents. Concentrations of calcium, magnesium, and bicarbonate ions and pH are lower in streams draining the glacial-drift areas in the northern part of the basin than in the limestone terranes. Chemical analyses of several western tributaries are presented in table 4 to show chemical quality of the streams draining into the west side of the Susquehanna Hirer above Harrisburg. Figure 6 is a graphical illustration of the sulfate and bicarbonate-ion concentrations for the various tributaries named in table 4.
The bicarbonate-ion concentration at the Harrisburg station W. 1320 is considerably higher (156 ppm) than the concentrations at the west side stations at Danville (62 ppm) or near Duncannon (36 ppm). The Duncannon station is just above the confluence of the Juniata River. The higher bicarbonate-ion concentrations at station W. 1320 may be due to the high concentration of bicarbonate in the vater of the Juniata River and the Conodoguinet Creek ( fig. 4) .
Most of the tributaries that drain into the east side of the river receive coal-mine drainage, and geologic influences do not predominate. Wapwallopen Creek, an exception, drains an area of glacial drift overlying sandstone and shale but does not receive coal-mine drainage. It is low in dissolved solids and generally is higher in bicarbonate-ion concentration than in sulfate-ion concentration ( fig. 6 ).
